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(57) ABSTRACT 

Avehicle movement stabilizing device is provided Which in 
effectively functioning braking, acceleration and turning 
movement during travel of the vehicle by activating the 
frictional force adding device, reliably controls the start and 
end of the operation of the frictional force adding device and 
prevents repetition of unnecessary operations. The vehicle 
movement stabiliZing device is provided With frictional 
force adding device for increasing the frictional force of the 
Wheels to the road surface by scattering particles and a 
controller. The controller is structured to start the operation 
of the frictional force adding device When it detects the 
operation start conditions based on signals from Wheel speed 
sensors, a hydraulic pressure sensor and a step-in force 
sensor during braking, and to stop its operation if signals 
indicating disappearance of the state are detected, thereby 
preventing repetition of unnecessary operations. 

4 Claims, 8 Drawing Sheets 
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VEHICLE MOVEMENT STABILIZING 
DEVICE 

BACKGROUND OF THE INVENTION 

This invention relates to a vehicle movement stabilizing 
device for stabilizing the movement of a traveling vehicle 
during braking, accelerating or turning by controlling fric 
tional force adding means for increasing the frictional force 
of the Wheels or vehicle to the road surface, and reliably 
carrying out the stabiliZing control. 
A traveling vehicle is operated by carrying various move 

ments such as braking, acceleration and turning according to 
the condition of the road surface by operating the brakes, 
accelerator and steering Wheel. For any movement, it is a 
prerequisite that the friction coef?cient p of the Wheels to the 
road surface is a normal value (high-p road) such as on an 
asphalt road, and stable travel is ensured by the braking 
action by a brake device (?rst braking device) for applying 
brakes to the rotation of the Wheels. Among actual road 
surfaces, there are low-p roads Where the value of p is 
extremely small, such as froZen roads, on Which it is 
impossible to achieve stable travel because of insuf?cient 
braking operation by the ?rst braking device. 

Thus, besides the ?rst braking device, means is desired 
Which can add the frictional force by some means. As such 
means, one is means Which increase the friction coef?cient 
p of the Wheels to the road surface, and another is means 
Which impart frictional force of the vehicle to the road 
surface. As the former means, spike tires have been pro 
posed and embodied. But because spike tires abrade roads 
and cause dust pollution, they are prohibited noW. Also, a 
so-called ABS (antilock brake system) is Widely knoWn as a 
system Which ef?ciently carries out braking of Wheels by 
recovering the frictional coefficient as much as possible by 
interrupting braking at short intervals. But suf?cient braking 
force Was sometimes not obtained because the value p is 
extremely small on froZen roads. 
As a measure to directly increase the friction coef?cient p, 

a slip preventive assisting device is proposed by JP patent 
publication 8-25905 (publication 1). In this publication 1, a 
slip preventive assisting device is disclosed in Which 
because dust pollution and environmental pollution occur if 
sand is scattered to prevent slip, slip preventive particles 
such as ice particles are scattered together With Water to 
increase the friction coef?cient u so that slip can be pre 
vented Without pollution. 
As a means Which can add frictional force to the Wheel 

even if the friction coefficient p is small, an emergency brake 
device is proposed in JP patent publication 8-156760 
(publication 2). In the device of publication 2, a second 
braking means comprising a friction material Which can 
directly engage the road surface and a hydraulic cylinder for 
operating the friction material is provided. If detection is 
made that the friction coefficient p of the road surface is so 
small as to fall into a slip state by normal braking, the second 
braking means is activated to put the friction material into 
engagement With the road surface to impart frictional force 
to the vehicle. 

With the slip preventive device of publication 1, it is 
possible to increase the friction coef?cient p betWeen the 
tires and the road surface by scattering slip preventive 
particles. With the emergency braking device, too, it is 
possible to obtain frictional force of the vehicle to the road 
surface by pressing and engaging the friction plate against 
the road surface. Thus, the device of either publication can 
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2 
achieve shortening of the braking distance. But in either of 
the devices of publications 1 and 2, While description is 
made about shortening the braking distance by applying 
effective braking to the vehicle, no mention is made What 
soever about hoW braking, acceleration and turning move 
ments are controlled using the respective devices during 
braking, acceleration and turning of the vehicle, or hoW the 
operation is reliably ?nished by checking the end. 
With a vehicle having the emergency brake device of 

publication 2, When stopping the vehicle, the driver manu 
ally presses the reset button to ?nish the operation. Thus, it 
is inferior in convenience. 

An object of this invention is to provide a vehicle move 
ment stabiliZing device in Which in effectively functioning 
braking, acceleration and turning movement during travel of 
the vehicle by activating frictional force adding means to 
achieve stability of travel, start and end of the activation of 
the frictional force adding means are controlled so as to be 
carried out automatically, reliably and suitably, While pre 
venting repetition of unnecessary operations. 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided a 
vehicle movement stabiliZing device comprising frictional 
force adding means having an actuator and an actuated 
member for increasing the frictional force of Wheels to a 
road surface by driving the actuated member With the 
actuator, various sensors including Wheel speed sensors, for 
detecting braking, acceleration and turning movement of the 
vehicle, and a controller for outputting a signal for control 
ling the activation of the actuator in response to signals from 
the sensors, the controller being structured to output control 
signals for starting control in response to the signals from the 
sensors, and to output a signal for ending the activation of 
the actuator, Which is driven if the frictional force of the 
Wheels to the road surface is not more than a predetermined 
value during braking, acceleration or turning of the vehicle, 
if the controller detects an end signal indicating that the state 
necessitating the driving of the actuator has disappeared. 
With the vehicle movement stabiliZing device of this 

invention, control is carried out such the frictional force 
adding means are operated to stabiliZe the movements of 
braking, acceleration and turning during travel of the vehicle 
to achieve stabiliZation of the vehicle movement, and also 
repetition of unnecessary operation of the frictional force 
adding means is effectively prevented by reliably controlling 
the start and end of the operation. During braking (by the 
?rst brake device) during travel of the vehicle, the operation 
of the frictional force adding means is started by the stabi 
liZing device in response to the signals from the sensors and 
sWitches. Speci?cally, it is carried out under the folloWing 
conditions. 

That is, operation is started if the step-in sWitch of the 
brake pedal is activated (on), travel of the vehicle is con 
?rmed by Wheel speed sensors, the vehicle deceleration is 
not more than a predetermined value, and the stepping force 
detected by the stepping force sensor is not less than a 
predetermined value, or if While the vehicle deceleration is 
not less than the predetermined value, the Wheel slip of one 
or more Wheels is not less than a predetermined value, or a 
signal indicating the ABS being activated is being received, 
if While the vehicle deceleration is not more than the 
predetermined value, the stepping force detected by the 
stepping force sensor is not more than the predetermined 
value, and the Wheel slip of one or more Wheels is not less 
than the predetermined value, or a signal indicating the ABS 



US 6,954,690 B2 
3 

being activated is being received. This is because under any 
of these conditions, the value of p is determined to be so 
small that the Wheel slip Would exceed the limit With the 
braking by the ?rst brake device, and it is determined to be 
a state in Which the frictional force adding means should be 
activated. 

On the other hand, the end of operation of the frictional 
force adding means should be done When the state to drive 
the actuator has disappeared. Speci?cally, control is carried 
out under the following conditions. That is, the operation is 
ended if the step-in sWitch of the brake pedal is off, the 
vehicle is at a stop, the vehicle deceleration is above a 
predetermined value, if the degree of stepping force is not 
more than a predetermined value, the difference betWeen the 
stepping force this time and the previous one is not more 
than a predetermined value, the Wheel slip of all four Wheels 
continues is beloW a predetermined value for a predeter 
mined period or over, or if the state in Which the ABS is not 
activating continues for a predetermined period or over. That 
any of these conditions is met means that the state requiring 
to keep the frictional force adding means activated has 
disappeared. Thus, it is possible to automatically stop the 
activation even if an operator does not press a reset SW 
every time. 

While accelerating the vehicle, start of operation of the 
frictional force adding means by means of the stabiliZing 
device is similar to the above. Speci?cally, it is carried out 
under the folloWing conditions. That is, its operation is 
started if the vehicle acceleration is a small value beloW a 
predetermined value and the degree of opening of the 
throttle is larger than a predetermined value, or if While the 
degree of opening of the throttle is smaller than the prede 
termined value, the acceleration slip of one or more Wheels 
is not less than a predetermined value, or a signal indicating 
the TRC (traction) control being activated is received. 

The end of operation during acceleration is if the step-in 
sWitch of the brake pedal is activated, if the vehicle accel 
eration is not less than a predetermined value, if the degree 
of opening of the throttle is not more than a predetermined 
value, if the difference betWeen the degree of opening of the 
throttle this time and the previous one is not more than a 
predetermined value, if the duration of the state in Which the 
acceleration slip of all of the driving Wheels is not more than 
a predetermined value is a predetermined period or over, or 
if the duration of the non-activated state of TRC has become 
not less than a predetermined value. If any one of these 
conditions is met, operation of the frictional force adding 
means is automatically stopped With the detection signal. 

The start and end of operation of the frictional force 
adding means during turning of the vehicle are similar to the 
above. Speci?cally, they are carried out under the folloWing 
conditions. That is, for the start of operation, the operation 
is started if the vehicle is traveling, and the OS tendency or 
the US tendency is large, or the VSC is being activated. 
Also, the operation is stopped if the vehicle stopped, the 
duration of the state in Which the OS or US tendency is not 
excessive is a predetermined period or over, or the duration 
of the state of non-activation of the VSC is a predetermined 
period or over. In this case too, the frictional force adding 
means are activated only if necessary, and the operation can 
be stopped automatically. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and objects of the present invention Will 
become apparent from the folloWing description made With 
reference to the accompanying draWings, in which: 
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4 
FIG. 1 is a schematic diagram of a movement stabiliZing 

device of a ?rst embodiment; 
FIG. 2 is a circuit diagram of the frictional force adding 

means of the same; 

FIG. 3 is a ?oWchart explaining the operation of the same; 
FIG. 4 is a circuit diagram of another embodiment of the 

frictional force adding means of the same; 

FIG. 5 is a schematic diagram of the movement stabiliZing 
device of a second embodiment; 

FIG. 6 is a ?oWchart explaining the operation of the same; 
FIG. 7 is a schematic diagram of the movement stabiliZing 

device of a third embodiment; and 
FIG. 8 is a ?oWchart explaining the operation of the same. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

HereinbeloW, the embodiments of this invention Will be 
described With reference to the draWings. FIG. 1 shoWs a 
schematic diagram of the vehicle movement stabiliZing 
device of the ?rst embodiment, and FIG. 2 shoWs a circuit 
diagram of the movement stabiliZing device including a 
frictional force adding means for one Wheel. As shoWn, the 
vehicle X has frictional force adding means 10 in Which 
actuated members are driven by actuators, for all of the 
Wheels W (WFR, WFL, WRR, A controller 20 sends 
control signals to the actuators to drive the actuated mem 
bers. The frictional force adding means 10 Will be described 
later. To the controller 20, as shoWn, detection signals from 
Wheel speed sensors 21 (S1—S4) for detecting the speeds of 
the respective Wheels, front and rear G sensors 22 for 
detecting acceleration and deceleration in the forWard and 
backWard directions of the vehicle, a brake hydraulic pres 
sure sensor 23 (or stepping force sensor), and a brake pedal 
step-in sWitch (STP-SW) 24 are input. 
The brake hydraulic pressure sensor (or stepping force 

sensor) 23 is a sensor for detecting hydraulic pressure in the 
hydraulic circuit of an unillustrated ordinary brake device 
(?rst brake device) for applying brake to the rotation of the 
Wheels. This hydraulic pressure sensor 23 and the brake 
pedal step-in sWitch 24 are sensors or sWitches for detecting 
that the brakes have been relaxed. Or in this embodiment, an 
ABS controller 30 is provided for the ?rst brake device. 
Under the ABS control, When ABS control is carried out, an 
ABS control activating signal indicating its activation is 
given to the controller 20. But in the illustrated embodiment, 
While the ABS controller 30 is provided separately from the 
controller 20, it may be integrally provided in the controller 
20 to output the ABS activating signal internally. The same 
is true for the beloW-described TRC controller 30‘ and VSC 
controller 30“. 
As shoWn in FIG. 2, each frictional force adding means 10 

includes a particle container 11 as an activated member, and 
an injection noZZle 12 for discharging slip preventive par 
ticles stored in the container 11 into betWeen the Wheel W 
and the road surface, and has various actuators for feeding 
compressed air into an accumulator 14 by driving a pump 13 
by a motor 13M to feed the compressed air accumulated 
therein to the particle container 11 and the injection noZZle 
12 through solenoid valves 16, 17. Pressure is maintained by 
driving the pump 13 in response to a detection signal from 
a pressure sensor (or sWitch) 15 to keep the pressure in the 
accumulator 14 at a prescribed level. As the slip preventive 
particles, an inorganic substance such as sand particles or a 
thaWing agent (e.g. CMA), or an organic substance such as 
vegetable seeds, edible granules, turpentine poWder, and 
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particulates having a particle diameter of several tens to 
several hundred micrometers may be used. 

The solenoid valve 16 is a changeover valve for changing 
over betWeen feed and stop of compressed air. The solenoid 
valve 17 is a changeover valve for changing over feed to 
either of the particle container 11 and the injection noZZle 
12. Amain line L1 is connected through the pump 13 and the 
accumulator 14 to the solenoid valves 16, 17. Piping con 
nected to the solenoid valve 17 are a supply line L2 for 
feeding compressed air to the particle container 11 and a 
bypass passage L3 connected to an intermediate position of 
a line that feeds slip preventive particles fed from the 
particle container 11 to the injection noZZle 12. The bypass 
passage L3 is provided to directly feed compressed air to the 
injection noZZle 12 separately from the supply line L2 to 
avoid clogging of the injection noZZle 12, or for adjustment 
of the inclination direction of the noZZle. 

Since the solenoid valves 16 and 17 are the tWo-position 
changeover type, they are provided in tWo. But if they are a 
three-position type, they may be one solenoid valve. Also, 
the injection noZZle 12 is pivotably mounted so that its angle 
Will be adjustable to an optimum angle relative to the Wheel 
W and the road surface. It is supported by a pivotal support 
portion such that the angular position is automatically 
adjusted at a proper position under the pressure When only 
compressed air is discharged through the bypass passage L3. 

The controller 20 and the ABS controller 30 each com 
prise a microcomputer having a ?xed memory storing a 
control program, a temporary memory for processing input 
data, and a computing/processing unit for carrying out 
computing/processing based on various data and feeding 
control signals. The control program in the controller 20 
includes basic control for activating the frictional force 
adding means 10, and start/end control for reliably and 
quickly starting and ?nishing the action of the means 10. 

The basic control is a control for calculating the Wheel slip 
rates and the friction coef?cients p based on signals from the 
Wheel speed sensors 21 of the respective Wheels W and front 
and rear G sensors, and activating the frictional force adding 
means 10 if the coefficient p is loWer than the value of a 
normal road surface. The start/end control is a control Which 
starts or ends the operation of the frictional force adding 
means 10 according to Whether the vehicle is in a state in 
Which the frictional force adding means 10 should be 
activated or such a state has disappeared, based on receiving 
or not receiving a signal indicating that the brake pedal has 
been stepped or relaxed, such as signals from the brake 
hydraulic pressure sensor 23 or step-in sWitch 24, a signal 
indicating increase or recovery of the Wheel slip, or ABS 
activation signals. 
As for the control program of the ABS controller 30, since 

it is not an essential point of this invention, description is 
made only about the summary of knoWn general control. 
That is, ABS control assists effective braking by recovering 
the friction coefficient as much as possible by repeating the 
control actions of computing the Wheel speeds based on 
input signals from the Wheel speed sensors 21 (S1—S4), 
estimating the vehicle speed from the Wheel speeds While 
referring to the value of the deceleration detected by the 
front and rear G sensors 22, and opening solenoid valves to 
release locking of the Wheels only for a short time based on 
the value of the estimated vehicle speed. Thus, it is possible 
to effectively prevent the steering from becoming impossible 
during braking due to Wheel locking caused by loW frictional 
coef?cient eg on Wet load. 

In the movement stabiliZing device of this embodiment, 
control of movement stabiliZation is carried out as follows. 
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6 
One feature of the function of this movement stabiliZing 
device lies in that start and end of operation of the frictional 
force adding means 10 is controlled reliably. Before describ 
ing the feature, description Will be made about the control of 
the stabiliZing movement. The control is carried out by 
activating the illustrated four sets of frictional force adding 
means 10. For basic control, unillustrated ordinary brake 
means (?rst braking force) is activated to the Wheels, and if 
the friction coef?cient p betWeen the Wheel tires W and the 
road surface is extremely small as on a froZen road, the 
frictional force adding means 10 are activated to scatter slip 
preventive particles to increase the coefficient p. 

In each frictional force adding means 10, When the engine 
is started, the pump 13 is activated by the controller 20, so 
that compressed air is fed to the accumulator 14 and is 
accumulated until it reaches a predetermined pressure 
detected by the pressure signal from the pressure sensor 15. 
The solenoid valves 16, 17 are set at positions shoWn in FIG. 
2 in a normal state. Namely, the solenoid valve 16 is set at 
a position for shutting off compressed air, and the solenoid 
valve 17 is set at a position for leading to the bypass passage 
L3. When a control signal is sent from the controller 20 to 
the solenoid valves 16, 17, the solenoid valve 16 is turned on 
to feed compressed air, and the solenoid valve 17 is turned 
on to feed compressed air to the particle container 11 to feed 
the particulate to the injection noZZle 12 to discharge them. 
By discharging the particulate, the friction coef?cient p 

increases, so that the braking effect on the Wheel tire 
improves. During travel of the vehicle, operations are car 
ried out by properly selecting the action such as start, 
acceleration, braking and detour. If the p value is small, the 
pt value recovers by scattering the particulates, so that the 
vehicle movement such as acceleration, braking and turning 
during travel stabiliZes. At the start, by turning on the 
solenoid valve 16 and turning off the solenoid valve 17, 
compressed air is fed to the bypass line L3 to check clogging 
of the injection noZZle 12, and at the same time the operating 
states of the solenoid valves 16, 17, motor 13M, etc. are 
checked. 
The above is the basic of the movement stabiliZing 

control. Next, control of start and end of the operation in the 
stabiliZing control Will be described With reference to the 
?oWchart of FIG. 3. When the engine is started and the 
program in the controller 20 is activated, in step S1, the 
memory in the temporary memory is initialiZed, so that any 
previous operating data of the frictional force adding means 
10 are erased. In S2, the passage of a predetermined time is 
Waited, during Which the above-described various prelimi 
nary checks are made. In S3, based on signals from the 
various sensors and sWitches, the Wheel speeds, 
acceleration, deceleration and estimated vehicle speed are 
computed. Based on them, slip rates are determined (from 
the friction coef?cients p), and input processing is made for 
judging as to Whether the road surface is a high-p road or 
not. 

In S 4, determination is made as to Whether the frictional 
force adding means 10 is being activated. Since it is natu 
rally negative initially, it proceeds to S5 and folloWing steps 
to check if the stepping of the brake pedal is on (in S5), if 
the vehicle is traveling (in S6), if vehicle body deceleration 
<KG1 (in S7), if stepping force >KFS (in S8). Determinations 
in S5—S8 are all basic conditions for activating the frictional 
force adding means 10. Under these conditions, it is neces 
sary to activate it. In a state in Which the brake pedal has 
been stepped in, the vehicle body deceleration is larger than 
a predetermined value during travel, and the stepping force 
is kept above a predetermined value KFS, this means that 
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Wheel slip is developing. Thus in S9, the frictional force 
adding means 10 are activated for all the Wheels. 

If determination in S5 and S6 are not met, there is no 
stepping of the pedal, or the vehicle is not being travelled. 
Thus, it returns to the top of the ?oW, and the above 
determinations are repeated. In S7, if the vehicle body 
deceleration is not less than the predetermined value KGl, it 
proceeds to S10. If either of the conditions that the slip rates 
of one or more of the four Wheels are not less than KS5, and 
that in S11, ABS is ON is met, the frictional force adding 
means 10 for the four Wheels are activated. If neither of the 
conditions is met, it returns to the top of the How and the 
above determinations are repeated. 

That the slip rates of one or more of the four Wheels are 
above the predetermined value KS5 indicates that the vehicle 
is traveling on a road surface Where the friction coef?cient 
p is, at least partially, extremely small. That a signal of ABS 
being on is being received means that if p is small, ABS is 
activating beyond the limit. Thus, in either case, the fric 
tional force adding means 10 is activated. 

While the vehicle is travelling With these operations 
repeated, the frictional force adding means 10 Will be 
activated in due course. Thus, When the control cycle of the 
?owchart proceeds, activation of the adding means is turned 
on by the determination in S 4. In this case, a check of the end 
of operation is carried out in S21 and folloWing steps. 
Checking is made as to Whether or not the step-in sWitch 24 
of the brake pedal has been turned off (STP: off) in S21, 
Whether or not the vehicle is at a stop in S22, Whether vehicle 
body deceleration <KGE in S23, Whether the stepping force 
<KFE in S24, and Whether (stepping force this time— 
previous stepping force) <KDFE in S25. If YES in any step, 
operation of the frictional force adding means 10 for all the 
four Wheels Will be immediately stopped (turned off). 

The above ?ve conditions are all actions shoWing that the 
brakes have been relaXed. By responding quickly at early 
timing for any of these conditions, unnecessary operation of 
the frictional force adding means 10 is prevented by termi 
nating the control. By preventing unnecessary operations, 
Wasteful consumption of scattered material is avoided. 
Vehicle stop in S22 is detected by signals from the Wheel 
speed sensors 21, the vehicle body deceleration in S23 is 
detected by signals from the front and rear G sensors 22, and 
the step-in force is detected in S24 and S25 by signals from 
the hydraulic pressure sensor 23 or stepping force sensor 24. 

Further, in S26, Whether or not the state of Wheel slip 
<KSE has continued for all four Wheels for KT period is 
detected. In S27, it is detected Whether the ABS activation 
signal has not been received for a period of KTABS or over. 
This is also in order to prevent unnecessary operation of the 
frictional force adding means 10 and to prevent Wasteful 
consumption of scattered material. The fact that the state in 
Which the Wheel slip is smaller than a predetermined value 
KSE has lasted for a predetermined period KT (in S26) 
indicates that the state in Which the Wheel slip is at a 
practically ignorable level has continued a predetermined 
period or longer. The fact that the ABS activation signal has 
not been received for a predetermined period KTABS or 
longer (in S27) indicates that it is unnecessary any more to 
improve the coef?cient u. If the operation Was terminated 
simultaneously With the end of ABS control, start and end of 
the operation Would be repeated With slight change in the 
road surface condition. 

In the above embodiment, as the frictional force adding 
means 10, the particulate scattering type is used. But instead, 
means using a friction plate 12‘ as shoWn in FIG. 4A may be 
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8 
used. The friction plate 12‘ shoWn in FIG. 4A is an eXample 
of a type Which is installed at a suitable position of the 
vehicle body frame and in a normal state, held above the 
road surface, and When necessary, is loWered to engage the 
road surface. 
The friction plate 12‘ is rotatably supported on a pivot 

shaft 12a‘. At its end, a leaf spring 12b‘ is mounted so that 
to the friction plate 12‘, an elastic force in the rising direction 
is alWays applied. To the friction plate 12‘, a hydraulic 
cylinder 11‘ is connected, and When necessary, the hydraulic 
cylinder 11‘ is activated to loWer the friction plate 12‘. FIG. 
4B shoWs a circuit diagram of the frictional force adding 
device in Which tWo sets of friction plates 12‘ are provided 
to add a frictional force. 

It includes a hydraulic pump 13‘, a driving motor 13M‘, an 
accumulator 14‘, a pressure sensor (sWitch) 15‘, and an 
solenoid valve 16‘. Since the hydraulic circuit is not pro 
vided With a bypass passage, the solenoid valve 16‘ is used 
commonly for the tWo friction plate 12‘. But actually, the 
friction plates 12‘ are provided in four sets, so that the 
hydraulic circuit is provided in tWo sets. 
From the controller 20, a control signal is sent to the 

solenoid valve 16‘ and motor 13M‘ and these actuators are 
driven. Also, a detection signal of the pressure sensor 15‘ for 
detecting hydraulic pressure is sent to the controller 20. 
Connection is made to send signals from the Wheel speed 
sensors 21 (S1—S4), the front and rear G sensors 22, hydrau 
lic pressure sensor 23 and stepping force sensor 24 to the 
controller 20. 

For the operation of the frictional force adding means 10‘ 
of the type using the friction plates 12‘, too, it is preferable 
to prevent the friction plates from unnecessarily operating as 
in the case of the type of using a material to be scattered. 

FIG. 5 shoWs a schematic diagram of the movement 
stabiliZing device of the second embodiment. This embodi 
ment is an eXample in Which the start/end control of the 
frictional force adding means 10 is applied to the movement 
stabiliZing control during acceleration. This embodiment is 
the same as the ?rst embodiment in its basic structure. But 
the manner of control is different. The basic structure that is 
not particularly described is the same as in the ?rst 
embodiment, and their description is omitted, but the same 
numerals are used. Description Will be made about the 
structure and control programs that are different from those 
of the ?rst embodiment. As shoWn, as for sensors, the 
hydraulic pressure sensor 23 is omitted, and a throttle 
opening sensor 25 is provided. 

It is also different in that in activating the frictional force 
adding means 10 for acceleration control, a TRC (traction) 
controller 30‘ is additionally provided for TRC control. TRC 
is a knoWn control method in Which in the case of an FF car, 
in starting and accelerating by stepping in the accelerator 
pedal, if the road surface becomes slippery, so that a front 
Wheel slips and the Wheel speed of the front Wheel exceeds 
the vehicle speed estimated from the rear Wheel speed, 
determination is made that slip has occurred, so that the 
degree of opening of the throttle valve is controlled accord 
ing to the degree of slip, and the engine output is controlled 
by controlling such as fuel cut or ignition delayed angle. 

With this vehicle movement stabiliZing device, control of 
the movement stabiliZation during acceleration is carried out 
as folloWs. In this embodiment, acceleration control is 
carried out by activating the frictional force adding means 
10 during acceleration. It is important to reliably carry out 
the start and end of the acceleration control. The second 
embodiment is the same in the basic operation as in the ?rst 
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embodiment. Control is carried out by activating the fric 
tional force adding means 10 to increase or add the frictional 
force, though it differs from the ?rst embodiment in that this 
control is carried out during acceleration control. Thus, as 
for the description of the basic operation, reference is made 
to the description of the ?rst embodiment. BeloW, descrip 
tion Will be made about the start/end control of the frictional 
force adding means 10 With reference to the ?oWchart of 
FIG. 6. 

In FIG. 6, sensor input processing in step S1—S4 is the 
same as in FIG. 3. But in this case, sensor input processing 
is carried out for the acceleration control. Since the deter 
mination in S4 is initially negative (NO), it proceeds to S5, 
S6 and S7. In S5, determination is made by the step-in sWitch 
24 as to Whether the step-in of brake pedal is off. It is 
determined in S6 as to Whether the vehicle acceleration is not 
more than a predetermined acceleration value KGSA. Also, it 
is determined in S7 as to Whether throttle opening >KTHS. If, 
While the vehicle body acceleration is less than the prede 
termined value KGSA, ie the vehicle acceleration is not so 
large in S6, the throttle opening is greater than the prede 
termined value KTHS in S7, the vehicle is in a state in Which 
due to extremely small friction coef?cient p of the road 
surface, Wheels are slipping. Thus, it proceeds to S1O to 
activate the frictional force adding means 10 for all the 
Wheels. 

Even if the throttle opening is not more than the prede 
termined value KTHS in S7, if the acceleration slip >KSSA for 
one or more Wheels in S8, or if TRC control signals are being 
received in S9, it proceeds to S1O to activate the frictional 
force adding means 10 for all the Wheels. This is because if 
any of the conditions in S7, S8 and S9 is met, it is necessary 
to make the acceleration control effective by recovering the 
slip rate. If none of the conditions of S7—S9 is met, slip is 
determined not large. Thus, it returns to steps before S2 and 
the above determinations are repeated. If the condition of the 
road surface changes and the value of the friction coef?cient 
p becomes extremely small, one of the conditions of S7—S9 
is met (YES). 
When the frictional force adding means is activated in 

S10, determination in S4 in the next cycle Will be YES, so 
that it proceeds to S21. In S21 and the folloWing steps, 
determination is made as to each of the control end condi 
tions. First, in S21, determination is made as to Whether the 
brake pedal step-in sWitch 24 has been turned on, in S22 as 
to Whether vehicle acceleration >KGEA, in S23 as to Whether 
throttle opening <KTHE, in S24 as to Whether throttle open 
ing this time minus previous throttle opening <KDTHE, in 
S25 as to Whether acceleration slip for all of the Wheels 
<KSAE has continued for a period KTA, and in S26 as to 
Whether the state in Which TRC activating signals have not 
been received has continued for a period KTTRC. 

If any one of the determinations of S21—S26 is met, it 
proceeds to S3O to turn off the frictional force adding means 
10. This is because if any of the above determinations is met, 
there is no need to regard occurrence of slip as a problem any 
more and acceleration is being carried out Without the 
assisting operation of the frictional force adding means 10, 
or the vehicle is in a state in Which no acceleration is needed. 

FIG. 7 shoWs a schematic diagram of the vehicle move 
ment stabiliZing device of the third embodiment. In this 
embodiment, the start/end control of the frictional force 
adding means 10 is applied to movement stabiliZing control 
for controlling stabiliZing the turning movement during 
travel. In its basis structure, this embodiment is the same as 
the ?rst embodiment but is different in What controlled. As 
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for basic structures, their description is omitted With the 
same numerals attached. Only structures and control pro 
grams that are different from those of the ?rst embodiment 
Will be described. As shoWn, Wheel speed sensors 21 
(S1—S4), a lateral G sensor 22‘, a yaW rate sensor 26, and a 
steering angle sensor 27 are connected to the controller 20. 

It also differs in that in activating the frictional force 
adding means 10 during turning in traveling, a VSC (vehicle 
stability controller) 30“ (hereinafter abbreviated to VSC 
controller) is provided for VSC control. VSC control is a 
knoWn control method in Which if oversteer (OS) or under 
steer (US) occurs While turning during travel according to 
the road surface condition, vehicle speed and emergency 
avoidance, such a state is automatically stabiliZed. The 
travel state is determined by detecting signals from the 
steering angle ((1)) sensor 27, the Wheel speed sensors 21, the 
yaW rate sensor 26, and signals of the lateral acceleration or 
deceleration from the lateral G sensor 22, and computing in 
the controller 30“. 

OS tendency is determined from the values of the slip 
angle and slip angular speed of the vehicle body, and US 
tendency is determined from the deviation betWeen the 
target yaW rate and the actually measured yaW rate. In 
ordinary VSC control, if the OS tendency is large, brake is 
applied to the front turning outer Wheel according to the 
degree of OS tendency to suppress the OS tendency by 
canceling the vehicle turning moment With a moment in a 
reverse direction, and if the US tendency is large, the engine 
output is controlled according to the degree of US tendency 
to suppress the US tendency by applying the brake to the 
rear turning inner Wheel. 

In such VSC control, it is a prerequisite that during 
braking, a required frictional force of the Wheel tires to the 
road surface is obtainable. If the friction coef?cient p of the 
road surface is extremely small such as on a froZen road, a 
required braking force is not obtainable even if the brakes 
are pressuriZed. Thus the VSC control is insufficient. In 
order to stabiliZe the vehicle movement in such a case by 
activating the frictional force adding means 10 to recover the 
value of p, the VSC control is also provided. 

With this vehicle movement stabiliZing device, control for 
movement stabiliZation during turning is carried out as 
folloWs. In this embodiment, by operating the frictional 
force adding means 10 during turning, movement control is 
carried out. In this embodiment, too, it is important to 
reliably carry out the start and end of the operation of the 
frictional force adding means 10. Although the control is 
carried out by increasing or adding the frictional force by 
activating the frictional force adding means 10, this embodi 
ment differs from the ?rst embodiment only in that this 
control is carried out during turning, and the basic operation 
is the same as in the ?rst embodiment. Thus, as for the 
description of the basic operation, reference should be made 
to the description of the ?rst embodiment. BeloW, descrip 
tion Will be made about the start/end control of the adding 
means 10 With reference to the ?oWchart of FIG. 8. 

In FIG. 8, the input processing in S1—S4 is the same as in 
FIG. 3. But in this embodiment, the sensor input processing 
is carried out for the turning movement. Thus, in S3‘, the step 
of computing the vehicle state is added. Computing of the 
vehicle state is computing the turning state of the vehicle 
resulting from the operation of the steering Wheel during 
travel. Since the determination in S4 is negative (NO) 
initially, it proceeds to S5—S8. Determination is made as to 
Whether the vehicle is traveling in S5, Whether the OS 
tendency is excessive in S6, Whether the US tendency is 
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excessive in S7, and Whether the VSC is being activated in 
S8. If any one of S6—S8 is YES, operation of the frictional 
force adding means 10 is started for all the four Wheels. 

After the operation of the frictional force adding means 10 
has started, the determination in S4 Will be YES, so that 
determination is made as to Whether any of the control end 
conditions in S21 and the subsequent steps is met. Determi 
nation is made ?rst as to Whether or not the vehicle has 
stopped in S21, Whether or not the state in Which the OS 
tendency is not excessive has continued for a period KTOS 
in S22, Whether or not the state in Which the US tendency is 
not excessive has continued a period KTUS in S23, and 
Whether or not the state in Which VSC is not operating has 
continued for a period KTVSC in S24. If any one of these 
conditions is met, the operation of the frictional force adding 
means 10 for all the four Wheels are instantly stopped (off). 
This is because these four conditions are states in Which it 
is not necessary to activate the frictional force adding means 
10 and unnecessary movements should be stopped. 

In the ?rst, second and third embodiments, examples Were 
described in Which in carrying out control With the vehicle 
movement stabiliZing device, one of an ABS controller, TRC 
controller and VSC controller is added to carry out the 
respective control. But the ABS controller, TRC controller 
or VSC controller may not be necessarily provided. If they 
are not provided, the determination conditions relating to the 
ABS control, TRC control and VSC control are omitted. 

Even if these controllers are not provided, in effectively 
functioning the braking, acceleration and turning actions of 
the vehicle by the activation of the frictional force adding 
means, by reliably carrying out the start and end of the 
activation, it is possible to prevent repletion of unnecessary 
actions and Wasteful use of slip preventive particles. Also, it 
is needless to say that all of the ABS controller, TRC 
controller and VSC controller may be provided. 
As described above, the vehicle movement stabiliZing 

device of this invention has the frictional force adding 
means for increasing the frictional force to the road surface, 
and the controller for controlling the frictional force adding 
means in response to the signals of the sensors for detecting 
the travel and turning movement of the vehicle. The con 
troller detects the conditions for starting the operation of the 
frictional force adding means based on the signals from 
various sensors and sWitches and starts the operation at the 
braking, acceleration and turning movement during travel of 
the vehicle, and When it detects an end signal Which indi 
cates that the condition has disappeared, a control signal is 
given to end the operation. Thus, only if the operation of the 
frictional force adding means is necessary, its operation is 
started, and When the operation is unnecessary, the operation 
is reliably ended. Thus it is possible to prevent the repetition 
of unnecessary operation. 
What is claimed is: 
1. Avehicle movement stabiliZing device comprising ?rst 

frictional force adding means for increasing frictional force 
betWeen Wheels and a road surface by brake hydraulic 
pressure control, second frictional force adding means hav 
ing an actuator and an actuated member for increasing the 
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frictional force of the Wheels to a road surface by driving 
said actuated member With said actuator, various sensors 
including Wheel speed sensors, for detecting braking, accel 
eration and turning movement of the vehicle, and a control 
ler for outputting a signal for controlling the activation of 
said actuator in response to signals from said sensors, said 
controller being structured to output control signals for 
starting control in response to the signals from said sensors, 
and to output a another signal for ending the activation of 
said actuator, Which is driven if the frictional force of the 
Wheels to the road surface is not more than a predetermined 
value during braking, acceleration or turning of the vehicle, 
if said controller detects that the state necessitating the 
driving of said actuator has disappeared. 

2. A vehicle movement stabiliZing device as claimed in 
claim 1 Wherein said controller is structured to output the 
another control signal for ending the activation of said 
actuator if it detects a signal indicating return of step-in of 
an accelerator, a signal indicating the continuation of accel 
eration slip of not more than a predetermined value for a 
predetermined period or over, or a signal indicating the 
continuation of non-activation of TRC control for a prede 
termined period or over. 

3. A vehicle movement stabiliZing device as claimed in 
claim 1 Wherein said controller is structured to output the 
another control signal for ending the activation of said 
actuator if it detects a signal indicating stop of the vehicle, 
a signal indicating the continuation of non-excessiveness of 
OS tendency or US tendency for a predetermined period or 
over, or a signal indicating the continuation of non 
activation of VSC control for a predetermined period or 
over. 

4. A vehicle movement stabiliZing device comprising 
frictional force adding means having an actuator and an 
actuated member for increasing the frictional force of 
Wheels to a road surface by driving said actuated member 
With said actuator, various sensors including Wheel speed 
sensors, for detecting braking, acceleration and turning 
movement of the vehicle, and a controller for outputting a 
signal for controlling the activation of said actuator in 
response to signals from said sensors, said controller being 
structured to output control signals for starting control in 
response to the signals from said sensors, and to output 
another signal for ending the activation of said actuator, 
Which is driven if the frictional force of the Wheels to the 
road surface is not more than a predetermined value during 
braking, acceleration or turning of the vehicle, if said 
controller detects that the state necessitating the driving of 
said actuator has disappeared, Wherein said controller is 
structured to output the another control signal for ending the 
activation of said actuator if it detects as said end signal a 
signal indicating relaxing of brakes, a signal indicating the 
continuation of Wheel slip of not more than a predetermined 
value for a predetermined period or over, or a signal indi 
cating the continuation of non-activation of ABS control for 
a predetermined period or over. 


